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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 


In accordance with the Patents (Companies Re- registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 


In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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2. Patent application number 
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0100104.9 
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each applicant (underline all surnames) 


Patents ADP number Of you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 


FLIGHT REFUELLING LIMITED 
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4 . Title of the invention 


SUBSEA PIPELINE POWER TRANSMISSION 


5. Name of your agent of you have one) 

"Address for service" in the United Kingdom 
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f J CLEVELAND 

40-43 CHANCERY LANE 

LONDON 
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07368855001 


If you are declaring priority from one or more 
earlier patent applications, give the country 
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earlier applications and Of you know %t) the or 
each application number 


Country Priority application number 

Of you know it) 


Date of filing 
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If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 
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Date of filing 
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applicant, or 
c) any named applicant is a corporate body. 
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12. Name and daytime telephone number of 
person to contact in the United Kingdom 

TJ FAULKNER 020 7405 5875 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked 

Notes 

d) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be filed 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 
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Subsea pipeline power transmission 


This invention relates to subsea pipeline power transmission systems, methods 
and apparatus. 

-The-term subsea -is used- in-this-application as tWs-is conventional technology, 
however, it will be understood that this covers any underwater situation. 

In many circumstances where subsea pipeline systems are used, there is a 
desire to operate equipment at locations which, in the general sense, are 
remote. That is to say, although the equipment is situated adjacent to the 
pipeline itself it is not near any other facility or infrastructure. Such pieces of 
equipment might, for example, be sensors which monitor the integrity or 
operation of the pipeline system. 

One of the problems with such remote pieces of equipment is providing a 
suitable power source. Whilst batteries can be. used these are unattractive for 
various reasons including their limited life, their expense and environmental 
concerns. 

It is an object of the present invention to provide methods, systems and 


apparatus which allow the supply of power to remote equipment in subsea 
pipeline systems. 

According to a first aspect of the present invention there is provided a subsea 
pipeline power transmission system comprising a pipeline, an electrical power 
supply connected to the pipeline at a first location, and connection means 
provided on the pipeline at a second location for connection of a load to the 
pipeline to allow the load to receive electrical power from the power supply via 
the pipeline wherein the pipeline has a plurality of cathodic protection anodes, 
each of which is electrically connected via respective impedance means to the 
pipeline. 

According to a second aspect of the present invention there is provided a 
method of subsea pipeline power transmission along a pipeline having a 
plurality of cathodic protection anodes comprising the steps of: 

applying electrical power to the pipeline at a first location; and 
electrically connecting a load to be supplied to the pipeline at a second 
location; 

wherein each anode is electrically connected via respective impedance 
means to the pipeline. 
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According to a third aspect of the present invention there is provided apparatus 
for use in a subsea pipeline power transmission system or method comprising: 

an anode arrangement comprising, a sacrificial anode arranged for 
mounting on a pipeline and impedance means having one terminal connected to 
5 the anode and another terminal arranged for connection to said pipeline; and 

an electrical power supply arranged for electrical connection to a 
pipeline. 

According to a fourth aspect of the present invention there is provided an 
10 anode arrangement for use in a subsea pipeline power transmission system, the 
arrangement comprising, a sacrificial anode arranged for mounting on a 
pipeline and impedance means having one terminal connected to the anode and 
another terminal arranged for connection to said pipeline. 

15 The anode arrangement may include further terminals allowing the connection 
of a load across the impedance means. 

The impedance means may comprise inductance means. Preferably the 
impedance means comprises filter means. The impedance means, especially 
20 when comprising filter means, may be arranged to give a high impedance to 
time varying signals within one or more selected ranges of frequencies and a 



4 

low impedance to signals outside the selected range or ranges. The impedance 
means can be arranged so that the real part of the impedance is substantially 
zero. This means that there is little or no attenuation of the dc components of 
signals passing through the impedance means. 

5 

The use of inductance means and particularly filter means has advantages when 
the metallic structure is used to carry power currents because these means can 
be chosen to offer high impedance to the time varying signals used for power 
supply thereby reducing losses, whilst offering low impedance to the currents 
10 used for cathodic protection. Minimising losses is particularly important when 
transmitting power rather than merely trying to detect a signal. Limiting loss to 
a realistic level is necessary to give a practical system. 

An embodiment of the present invention will now be described by way of 
15 example only with reference to the accompanying drawing which schematically 
shows a pipeline system embodying the invention. 

The drawing shows a subsea pipeline system which comprises a pipeline 1 
provided with a plurality of anodes 2 which are electrically connected to the 
20 pipeline 1 via respective filter means 3. 


A power supply 4 is electrically connected to the pipeline 1 towards one end. 
This location will typically be at a main facility or some other place provided 
with good infrastructure such that the provision of a power supply 4 is not 
problematic. 

Although not shown in detail, as is common practice in this field, the pipeline 
system is provided with a cathodic protection system of which the anodes 2 
form an essential part. Cathodic protection currents flowing in the pipeline 1 
to improve corrosion resistance will be dc currents. Thus, the filter means 3 
provided at each anode are arranged to have substantially zero impedance to dc 
currents. 

On the other hand, the filter means 3 are arranged to have a very high 
impedance to the power supply currents delivered by the power supply means 
4. In this system the power supply means applies a current typically having a 
frequency in the order of 30 to 100 Hz. The filter means 3 are arranged to have 
a high impedance to signals having the appropriate frequencies in this range. 
The filter means 3 may be designed so that at the transmission frequency it 
gives an impedance of at least two orders of magnitude greater than the 
characteristic impedance of the pipeline (with anodes removed) when acting as 
a transmission system. This means that whilst the cathodic protection currents 


can flow to the anode substantially unimpeded, the losses from the pipeline 1 
as far as the power supply current is concerned are greatly reduced. 

The frequency of current used to transmit power is chosen with regard to two 
main factors. Lower frequencies call for more bulky and expensive components 
in the filter means whereas as frequency is increased, skin effect in the pipeline 
becomes problematic. The frequency at which skin effect begins to compromise 
performance may be determined empirically on a test length of pipe but can be 
expected to be in the range of 50 to 100 Hz for most typical pipes. 

The above arrangement means that loads 5, i.e., pieces of equipment which 
need electrical power, can be connected to the pipeline 1 at locations which are 
remote from the power supply 4. As shown in the drawing, a load 5 may, for 
example, be connected directly to the pipeline 1 and provided with a separate 
earth terminal E, or may be connected directly across one of the filter means 3 
associated with a particular anode 2 where the equipment to be driven is 
located at or near an anode 2. 

The provision of suitable impedance means, preferably as in this embodiment 
filter means 3, between the pipeline 1 and the anode 2 makes a power supply 
system of this type feasible. For example, if no impedance means 3 are 


provided, then power supply in this manner might be possible in a subsea 
pipeline over a distance of say only 300 to 400 metres. However, with the filter 
means included, it can be possible to transmit power over a distance of say 10 
kilometres. In the present system the loss of power might typically be in the 
order of 0.5 to IdB per kilometre and as such, if the power supply 4 applies 
150 watts to the pipeline 1 then a load at a 10 kilometre distance from the 
power supply 4 should be able to draw a power in the order of 50 to 15watts. 
It has been determined that effectively stopping leakage from the anodes gives 
a 10 4 improvement in power transmission capabilities over 10 kilometre subsea 
pipelines. 

It will be appreciated that although an ac current is applied to the pipeline 1 for 
transmission, this signal may be locally converted into a dc signal using known 
techniques if this is required. 
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